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Comparison of Test Results from 
Laboratory and Field Compacted Samples 


J.D. Stevenson and Tim Aschenbrener 


1.0 Introduction 


In September 1990, a group of individuals representing AASHTO, FHWA, NAPA, SHRP, Al, and 
TR3 participated in a 2-week tour of six European countries. Information on this tour has been 
published in a "Report on the 1990 European Asphalt Study Tour" (1). Several areas for potential 
improvement of hot mix asphalt (HMA) pavements were identified, including the use of 
periormance-related testing equipment used in several European countries. The Colorado 
Department of Transportation (CDOT) and the FHWA Turner-Fairoank Highway Research Center 
(TFHRC) were selected to demonstrate this equipment. 


Studies have been completed to verify the predictive capabilities of the testing equipment by 
periorming tests on mixtures of known field performance. The Hamburg wheel-tracking device 
and the French rutting tester have the ability to model field performance very well. Samples are 
prepared for testing in the European equipment with laboratory compactors that are supposed to 
“simulate” field compaction. If was desired to compare how well the laboratory compactors 
modelled the actual field compaction using roadway construction equipment. 


Adcitionally, it is desired to improve the quality of HMA on projects by using results from these 
tests as specifications. When accepting a laboratory mix design or a field produced material, it 
is not clear how the laboratory compaction process models the field compaction. By comparing 
field and laboratory compacted samples, information would be available to better prepare 


accaptance specifications. 


The purpose of this report is to compare test results from the European testing equipment using 
laocratory and field compacted samples. The results from this study will be beneficial to 1) 
decide how close the laboratory compactors "simulate" field compaction, and 2) assist with the 
devslopment of specifications for field acceptance testing. 


2.0 Experimental Grid . a 


2.1 Laboratory Tests 
The tests used to compare field and laboratory compacted samples were the French rutting tester 
and the Hamburg wheel-tracking device. 


2.1.1 French Rutting Tester 

The French rutting tester is used to evaluate the resistance to permanent deformation. It is 
manufactured by the Laboratoire Central des Ponts et Chaussees (LCPC) and is shown in Figure 
1: aclose-up is shown in Figure 2. The samples tested are 500 x 180 mm (19.7 x 7.1 in.) and 
can be 50 or 100 mm (2 or 4 in.) thick. 


Two samples can be tested simultaneously. The samples are loaded with 5000 N (1124 Ibs.) by 
a pneumatic tire inflated to 0.6 MPa (87 psi). The tires load each sample at 1 cycle per second; 
one cycle is two passes. The chamber is heated to 60°C (140°F) but can be set to any 
temperature between 35° and 60°C (95° and 140°F). 


When a test is performed on a laboratory compacted sample, it is aged at room temperature for 
as long as 7 days. It is then placed in the French rutting tester and loaded with 1000 cycles at 
room temperature. The deformations recorded after the initia! loading are the "zero" readings. 
The sample is then heated to the test temperature for 12 hours before the test begins. Rutting 
depths are measured after 100, 300, 1000, 3000, 10,000, 30,000 and possibly 100,000 cycles. 
The rutting depth is reported as a percentage of the sample thickness. After a given number of 
cycles, the percentage is calculated as the average of 15 measurements (five locations along the 
length and three along the width) divided by the original slab thickness. A pair of slabs can be 
tested in about 9 hours. 


A successful test will typically have a rutting depth that is less than or equal to 10% of the slab 
thickness after 30,000 cycles. The results are plotted on a log-log graph paper. The slope and 
intercept (at 1000 cycles) are calculated using linear regression. The equation Is: 


Figure 2. Close-up of the French Ruiting Tester. 
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B 
Y= = L 
A i600) (Equation 1) 


where: 
Y = rutting depth (%), 
X = cycles, 
A = intercept of the rutting depth at 1000 cycles, and 
B = slope of the curve. 


2.1.2 Hamburg Wheel-Tracking Device 

The Hamburg wheel-tracking device is used to determine the moisture susceptibility of HMA. It 
is manufactured by Helmut-Wind Inc. of Hamburg, Germany and shown in Fig. 3: a close-up in 
Fig. 4. A pair of samples are tested simultaneously. A sample is typically 26 cm (10.2 in.) wide, 
32 cm (12.6 in.) long, and 40 mm (1.6 in.) deep. Its mass is approximately 7.5 kg (16.5 Ibs.), and 
the sample is compacted to 6 + 1% air voids. The samples are submerged under water at 50°C 
(122°F), although the temperature can vary from 25°C to 70°C (77°F to 158°F). A steel wheel, 
47 mm (1.85 in.) wide, loads the samples with 705 N (158 Ibs.) The wheel makes 50 passes per 
minute over each sample. The maximum velocity of the wheel is 34 cm/sec (1.1 ft/sec) in the 
center of the sample. Each sample is loaded for 20,000 passes or unti! 20 mm of deformation 
occur. Approximately 6-1/2 hours are required for a test. 


The results from the Hamburg wheel-tracking device include the creep slope, stripping slope and 
strigping inflection point as shown in Fig. 5. The results have been defined by Hines (2). The 
creep slope relates to rutting from plastic flow. It is the inverse of the rate of deformation in the 
linear region of the deformation curve, after post compaction effects have ended and before the 
onset of stripping. The stripping slope is the inverse of the rate of deformation in the linear region 
of the deformation curve, after stripping begins and until the end of the test. It is the number of 
passes required to create a 1 mm impression from stripping. The stripping slope is related to the 
severity of. moisture damage. The stripping inflection point is the number of passes at the 
intersection of the creep slope and the stripping slope. It is related to the resistance of the HMA 
to moisture damage. 


Figure 4. Close-up of the Hamburg Wheel-Tracking Device. 
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Figure 5. Results from the Hamburg Wheel-Tracking Device. 
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Stripping Slope 


2.1.3 Air Void Distribution 

Since results of the tests are influenced by the air void contents of the samples tested, samples 
“were compacted in the laboratory to an air void content as close to the field compacted sample 
as possible. Just as differences in the actual air void content of a sample can influence the 
results, the distribution of air voids throughout the compacted samples could influence the test 
results. Therefore, samples from each of the compactors and a field compacted sample were 
sliced into 12 to 24 pieces. The air volds of each piece were measured to determine the 
distribution of air voids throughout each sample. The distribution of air voids were then compared 


between the various methods of compaction. 


2.2 Laboratory Compactors 
The laboratory compactors used to prepare samples for testing include the Ilnear kneading 
compactor and the French plate compactor. 


2.2.1 Linear Kneading Compactor 

The linear kneading compactor is shown in Figure 6 and is manufactured by R/H Specialty and 
Machine in Terre Haute, Indiana. The compactor can produce samples for direct use with both 
the Hamburg wheel-tracking device and the French rutting tester. Samples 320 x 260 mm (12.6 
x 10.2 in.) and 40 mm (1.6 in.) or 80 mm (3.2 in.) thick can be produced on the Hamburg wheel- 
tracking device. Samples that are 500 mm x 180 mm (19.7 x 7.1 in.) and 50 mm (2 in.) thick can 
be produced for use on the French rutting tester. Additionally, two lifts of 50 mm can be used to 
make a 100 mm (4 in.) thick sample for the French rutting tester. 


Since samples are compacted to a known height, the targeted air voids of the compacted sample 
are achieved easily. After determining the maximum specific gravity (AASHTO T 209) of the mix, 
the mold is filled with a pre-determined weight of material. The sample can then be compacted 


within + 1% of the targeted air voids. 


A series of 12-mm (0.5-in.) wide steel plates are placed on the Joose mix in the mold. A 
downward motion of the roller applies a force to the top of each plate while the mold moves back 
and forth on a sliding table shown in Figure 7. A linear compression wave is produced In the mix 
by tne bottom edges of the plates as the roller pushes down on each plate. This kneading action 
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Figure 6. Linear Kneading Compactor. 
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Figure 7. Schematic of the Linear Kneading Compactor. 
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allcws the mix to be compacted without fracturing the aggregate. This compactive action is 
prodably very similar to a steel-wheel roller. The compaction time is less than 10 minutes. 


2.2.2 French Plate Compactor 

The French plate compactor is shown in Figure 8 and is manufactured in France by the LCPC. 
Samples compacted are 500 x 180 mm (19.7 x 7.1 in.) and 50 or 100 mm (2 or 4 in.) thick. 
These samples can be used directly in the French rutting tester. When samples are prepared 
for the Hamburg wheel-tracking device, the 50 mm thick sample is used and the length is 
trimmed. 


A pneumatic tire is inflated to 0.6 MPa (87 psi). The tire makes 2 passes on each outside edge 
for every one pass in the center of the sample; for example, the entire sample width can be 
covered in 5 passes (2 front, 2 back, 1 center), 10 passes (4 front, 4 back, 2 center), 15 passes 
(6 front, 6 back, 3 center), etc. The force applied by the whéel can vary from 0.2 to 0.6 MPa (29 
to 87 psi). Therefore, the compactive effort can be controlled by varying either the number of 
passes and/or the force applied by the wheel. This compactive effort is very similar to a 
pneumatic-tired roller. The compaction time is approximately 30 minutes. 


As with the linear kneading compactor, a pre-determined weight of material is used based on the 
maximum specific gravity of the mix. The compaction is stopped when the sample is level with 
the mold. Since this is a visual determination, it is difficult to precisely control the level of air 
voids in the sample. Samples can usually be compacted to within + 2% of the targeted air voids 
with an experienced operator. 


2.3 Experimental Grid 


Seven sites were investigated in this study. The testing performed from each site is shown in the 
experimental grid in Table 1. 


Table 1. The Experimental Grid Used for Each Site. 
Compaction Method . 
(Sample Thickness) 

Field French French 

Slab | (100 mm) | (50 mm) 


Hamburg . 
Device 


French 
Rutter 


Distribution 


Figure 8. French Plate Compactor. 
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3.0 Site Information 


Seven sites were selected for this study. The following is a brief description of the site location, 
laydown procedures, and field compaction procedures. A detailed roller pass study from each 
site is in Appendix A. For the purpose of this study, a pass is defined as one compaction 
machine rolling back and forth over a selected spot. 


A specific location at each site was identified. Loose mix was sampled from this location, and 
a roller pattern study was performed at this location. The percent relative compaction was 
measured based on the maximum specific gravity (AASHTO T 209). Field slabs were later sawn 
and cored at this same location. 


3.1 Site 1 

Site 1 was located on US-40 just north of Fraser. This project involved the placement of a 50-mm 
thick overlay using a Grading CX mix. Bottom dump trucks placed the HMA in a windrow, and 
an elevating loader was used to fill the paver hopper. The loose mix samples were taken from 
the windrow in front of the paver in the shoulder area of the northbound lane. 


The breakdown roller, a HYPAC C766B double-drum vibrating steel wheel roller, made 2.5 passes 
on this section of pavement. The intermediate roller, a CAT PS-130 pneumatic roller, made 1 
pass and the finish roller, a HYPAC C766B steel wheel roller with no vibration, made 2.5 passes 
to finish the section. The final percent relative compaction achieved at the site was 92%. 


3.2 Site 2 


Site 2 was located on 120th Avenue between Lamar and Ponderosa Streets in Broomfield. This 
project involved the placement of a 50-mm thick bottom course using a Grading C mix followed 
by a 50-mm thick top course using a Grading CX mix. Rear dump trucks placed the HMA into 
the hopper of a Material Transfer Vehicle (MTV). The MTV then filled the paver hopper. The 
loose mix samples were taken at the auger of the paver in the outside shoulder area of the 
eastbound lane during the placement of the bottom course. 
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The breakdown roller, a CAT double-drum vibrating steel wheel roller, made 1.5 passes on this 
section of pavement. The intermediate roller, a Hyster C530A pneumatic roller, made 3 passes 
and the finish roller, a HYPAC C766B double-drum vibrating steel wheel roller, made 5 passes 
to finish the section. The final percent relative compaction achieved at the site was 93%. 


3.3 Site 3 


Site 3 was located on Navajo Street, north of Quincy Avenue in Englewood. This project involved 
the placement of a 50-mm thick overlay using a Grading C mix. Rear dump trucks placed the 
HMA in the paver hopper. The loose mix samples were taken at the auger of the paver in the 
southbound lane. 


The breakdown roller, a Hyster C766A double-drum vibrating steel wheel rolter, made 1.5 passes 
on this section of pavement. The intermediate roller, a Ferguson FP 912 pneumatic roller, made 
4.5 passes and the finish roller, an Ingersoll DA 40 steel wheel roller, made 2 passes to finish the 
section. The final percent relative compaction achieved at the site was 93%. 


3.4 Site 4 

Site 4 was located on SH-119 in Boulder Canyon west of Boulder. This project involved the 
placement of a 32-mm thick overlay using a Grading CX mix. Rear dump trucks placed the HMA 
in the paver hopper. The loose mix samples were taken at the auger of the paver in the 
westbound lane. 


‘The breakdown roller, a DYNAPAC CC42 double-drum vibrating steel wheel roller, made 1 pass 
on this section of pavement. The intermediate roller, a Hyster C530A pneumatic roller, made 6 
passes and the finish roller, an Ingersoll DA 40 steel wheel roller, made 1.5 passes to finish the 
section. The final percent relative compaction achieved at the site was 93%. 


3.5 Site 5 

Site 5 was located on SH-24, 0.6 miles west of Woodland Park. This project involved the 
placement of a 50-mm thick overlay using a Grading CX mix. Rear dump trucks placed the HMA 
in the paver hopper. The loose mix samples were taken at the auger of the paver in the 


12 


westbound lane. 


The breakdown roller, a CAT CD534 double-drum vibrating steel wheel roller, made 1.5 passes 
on this section of pavement. The intermediate roller, an Ingersoll PT125R pneumatic roller, made 
2 passes and the finish roller, a Hyster C350C steel wheel roller, made 0.5 passes to finish the 
section. The final percent relative compaction achieved at the site was 90%. 


3.6 Site 6 

Site 6 was located on US-40 near mile post 165 in Muddy Pass north of Kremmiing. This project 
involved the placement of a 50-mm thick overlay using a Grading CX mix. Bottom dump trucks 
placed the HMA in a windrow, and an elevating loader was used to fill the paver hopper. The 
loose mix samples were taken from the windrow in front of the paver in the southbound lane. 


The breakdown roller, a Hyster C766A double-drum vibrating steel wheel roller, made 1.5 passes 
on this section of pavement. The intermediate roller, a Hyster C766A double-drum vibrating steel 
wheel roller that alternated vibrating every 0.5 pass, made 1.5 passes. The finish roller, a Hyster 
C350C steel wheel roller, made 2.5 passes to finish the section. The final percent relative 


compaction achieved at the site was 96%. 


3.7 Site 7 

Site 7 was located on SH-287 in Broomfield. This project involved the placement of a 50-mm 
thick overlay using a Grading C mix. Rear dump trucks placed the HMA in the paver hopper. 
The loose mix samples were taken at the auger of the paver in the northbound lane. 


The breakdown roller, a DYNAPAC CC42 double-drum vibrating steel wheel roller, made 2 
passes on this section of pavement. The intermediate roller,a Hyster C530A pneumatic roller, 
made 5 passes and the finish roller, a DYNAPAC CC42 double-drum vibrating steel wheel roller, 
made 2 passes in the static mode to finish the section. The final percent relative compaction 


achieved at the site was 93%. 
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4.0 Test Results and Discussion 


4.1 Air Void Distribution 


Air void distribution throughout the sample might effect the results from testing. The purpose of 
this testing was to compare the distribution of air voids in laboratory compacted samples with that 
in the field compacted samples. 


To determine the air void distribution, samples from each compactor and from the field were cut 
into small pieces. For each site a 50-mm. thick French, a 40-mm thick linear kneading, and a field 
compacted sample were cut into 12 pieces each.. A 100-mm thick French compacted sample 
from each site was cut into 24 pieces. Figures 9 and 10 show the actual layout of how the pieces 
were cut and numbered. Each piece was then measured for air void content according to 
AASHTO T 166 to determine the distribution. The results from this testing can be seen in Table 
2 expressed in terms of the average (avg.) and standard deviation (S.D.) 


Tabie 2. Alr Void (%) Distribution - Average and Standard Deviation. 


Compactor (Sample Thickness) 


French Kneading 
(100-mm) (40-mm) 
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Figure 9. Layout of How 50-mm Thick French, 40-mm Thick Linear Kneading, and Field 
Compacted Samples Were Cut and Numbered. 


Figure 10. Layout of How 100-mm Thick French Compacted Samples Were Cut and 
Numbered. 
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4.1.1 Field Samples 

At each site, the air voids were more uniformly distributed in the field compacted samples than 
in any of the laboratory compacted samples. The small variation of air voids found within the field 
compacted samples was expected, since they were sawn from the center of the pavement, far 
from its restrictive comers or edges. The variation in the laboratory compacted samples was due 
to large deviations at the corners and edges of the sample. 


4.1.2 French Compactor 

As seen in Table 2, the 100-mm thick French compacted samples have twice as much variation 
in the distribution of air voids (S.D. of 1.42) as the 50-mm thick French compacted sampies (S.D. 
of 0.69). This difference can be attributed to the thickness of the samples. Table 3 shows the 
standard deviation of air voids in the top half of the 100-mm thick French compacted samples is 
0.62, which Is similar to the standard deviation for the complete 50-mm thick French compacted 
samples (S.D. of 0.69, Table 2) and the 50-mm thick French compacted samples with the corners 
removed (S.D. of 0.59, Table 3). For each case, the distribution is fairly uniform. The air voids 
within the bottom half of the 100-mm thick French compacted samples are more variable (S.D. 
of 1.25, Table 3). This is mainly due to high air voids in its corners (pieces 1, 3, 10, and 12). 


The distribution of air voids in a 100-mm thick French compacted sample can be further clarified 
by observing Figure 11. The entire graph shows a normal distribution skewed towards the higher 
air voids. The air voids in the top half of the 100-mm thick French compacted sample (pieces 13 
through 24) have a uniform and normal distribution. The air voids in the bottom half of the 100- 
mm thick French compacted sample (pieces 1 through 12) skews the air voids to the high side. 
The air voids in the bottom half of the 100-mm thick Frenc: compacted samples (S.D. of 1.25) 
are more dispersed than in the top half (S.D. of 0.62). This is because the air voids in the 
corners of the bottom half (pieces 1, 3, 10, and 12) are greater than 1 standard deviation from 
the average percent air void content as shown in Figure 11. Also, for Site 1 the bottom half 
centers around 8.7% air voids, which is about 2% higher than the average in the top half of 6.6% 
air voids. The dispersion of air voids throughout the entire sample is increased since the top and 
bottom halves center around two different values. 
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Table 3. Air Void (%) Distribution of Portions of Samples. 


100-mm French Compacted Samples 50-mm French 


Top Bottom Bottom w/o Without 
Half Half Corners Corners 
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Percent Air Ycida 


Figure 11. Typical Distribution of Air Voids in a 100-mm Thick French Compacted Sample 
for Site 1. 
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In France, the distribution of air voids is checked on each sample with a nuclear device. The air 
voids are measured at 72 points on the sample, 24 points each on the top, middle, and bottom 
layers. The standard deviation achieved for a 100-mm thick French compacted sample is 
typically about 2.0 which is higher than any of the laboratory compacted samples in this study. 
Thus, the samples in this study are well within the standard deviations obtained by the French. 
Also, the percent air voids from top to bottom increased 2% in France’s sample. As can be seen 
in Table 3, the 100-mm thick French compacted samples had 2% higher air voids in the bottom 
half for most sites. 


Although there is a fairly uniform distribution in the 50-mm thick French compacted samples, the 
variability of the distribution of air voids (S.D. of 0.69) is about 1.5 times that of the fleld 
compacted samples (S.D. of 0.41). The difference in variability is likely due to the corners and 
edge pieces of the French compacted samples. The variability in the 100-mm thick French 
compacted samples (S.D. of 1.42) is about 3 times that of the field samples. This can be 
attributed to the high variability in the bottom half and corners and edges of the top half as 
discussed earlier. lf the French compactor is used to simulate field compaction, it is 
recommended that either 1) the 50-mm thick molds be used to compact the samples, or 2) 100- 
mim thick samples should be compacted in 2 lifts. 


4.1.3 Linear Kneading Compactor 

As shown in Table 2, the variability of the distribution of air voids In the 40-mm thick linear 
kneading compacted samples (S.D. of 1.31) is approximately 3 times that of the field compacted 
samples (S.D. of 0.41). With the linear kneading compactor, it is very important to get the loose 
mix level in the mold before compacting. Also, extra material is needed in the corners, since they 
tend to have a higher percentage of air voids. Great care was taken to follow these procedures 
when compacting the samples for this test. 


When the distribution was analyzed, no trend developed as to the cause. The poor distribution 
was likely caused by not leveling the loose mix in the mold before compacting which is related 
to operator experience. It was noticed that most of the deviation was from the middle-edage 
pieces (pieces 4, 6, 7, and 9) of the sample. This was possibly caused by the scraping of 
material from this area to the corners for extra material. It is recommended that extra material 
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be moved to the-corners before leveling of the rest of the material to more evenly distribute the 
alr voids. Also, the development of some type of device to help level the loose material instead 
of relying on the operators experience might prove to be beneficial. 


As seen in Table 2, the variability of air voids in the 40-mm thick linear kneading compacted 
samples (S.D. of 1.31) is about the same as that of the 100-mm thick French compacted samples 
(S.D. of 1.42). This, once again, can be attributed to how level the material was before the 
samples were compacted in the linear kneading compactor. Since the Hamburg wheel-tracking 
device only passes over the center of the sample where the air void distribution is uniform, results 
from testing will not be affected by the alr voids in the corners or edges. It should be noted that 
it is much easler to achieve the targeted air void content for the sample with the linear kneading 


compactor than the French compactor. 
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4.2 French Rutting Tester 


The French rutting tester is used to evaluate resistance to permanent deformation. The purpose 
of this study is to compare results obtained on the French rutting tester from laboratory 
compacted samples to those obtained from field compacted samples. 


Loose mix was taken at the paver from each site. It was stored in closed containers in the 
labcratory until time for compacting. 


Before the toose mix could be compacted, it needed to be brought to the proper compaction 
temperature. This compaction temperature varied with the grade of asphalt cement being used 
at each site. The loose mix was placed in the oven in open containers for about 4 hours. The 
use of open containers caused additional aging. 


The loose mix was ihen ready to be compacted in the laboratory. For each site, a 50-mm thick 
sample and a 100-mm thick sample were compacted on the French compactor. Also, a 100-mm 
thick sample was compacted on the linear kneading compactor. The air voids for samples tested 
in the French rutting tester are summarized in Appendix B. 


For the field compacted samples, a full-depth slab was sawn at each site. These full-depth slabs 
were approximately 150-mm (6-in.) by 475-mm (19-in.) in size. Only the lift being placed when 
the ioose mix was taken in the field was to be tested. All other lifts were sawn from the samples 
and discarded. All field compacted samples were plastered into.a 50-mm thick mold. 


4.2.1 Comparison of Laboratory Compactors. 

The samples were placed in the French rutting tester and loaded for 30,000 cycles. Plots of the 
results are shown in Appendix C. A rutting percentage of greater than 10% of the total thickness 
of the sample after 30,000 cycles was considered to be a failure. The actual rut depth (F.D.) in 
millimeter and the rut depth expressed as a percentage of the sample thickness (%) are reported 
in Table 4. 
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Table 4. The Rut Depths and Percent Rutiing from Samples Tested in the French Rutting 
Tester. 


Compactor (Sample Thickness) 


French (50- = French (100- 7 Knead. (100- = Field Slab 


1655 | ave | o73 | 695 | 693 | 607 | 11.71 | 
| 274 | 250 | 245 | 230 | 226 | oso | 176 | 
[ase | 22 | 240 | 210 | 210 | 20s | 450 


R.D. - Rut depth in millimeters 

%  - Percent rutting based on initial sample thickness 

* Test result at 30,000 cycles was extrapolated from 29,000 cycles. 
** Test results are at 20,000 cycles. 


As can be seen in Table 4, the actual rut depths of all the samples were fairly similar. The rut 
depths expressed as a percentage of the sample thickness for the 50-mm thick French 
compacted samples were 67% higher, on average, of those percentages from the 100-mm thick 
compacted samples. This difference in percent rut depth would be expected since the 100-mm 
thick samples are twice the thickness of the 50-mm thick samples. 


Table 5 shows that the actual rut depths (R.D.) of the 50-mm thick French compacted samples 
averaged 0.49 mm less than those from the 100-mm thick linear kneading compacted samples. 
The actual rut depth of the 100-mm thick French compacted samples average 0.15 mm more 
thar the 100-mm thick linear kneading compacted samples. These difference are very small. 
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Takle 5 also shows that the rut depth expressed as a percentage of the sample thickness (%) 
for the 50-mm thick French compacted samples averaged 3.94 percent higher than the 100-mm 
thick linear kneading compacted samples. The percent rut depth for the 100-mm thick French 
compacted samples averaged only 0.34 percent higher than those of the 100-mm thick linear 
kneading compacted samples. The large difference between the 50-mm thick samples and the 
10G-mm thick samples can again be attributed to the 100-mm thick samples being twice the 
thickness of the 50-mm thick samples. 


Table 5. Differences in Rutting Depths Between French and Kneading Compacted 
Samples. 


Compactor (Sample Thickness) 
French (50-mm) vs. French (100-mm) vs. 
Kneading (100-mm) ae (100-mm) 


| ap. | » | ao | »% | 


R.D. ~ Rut depth in millimeters 

%  - Percent rutting based on initial sample thickness 

Negative numbers indicate a rut measurement was higher in the second sample of the 
comparison. 


4.2.2 Comparison of Laboratory Compactors to Field Compaction. 
The field compacted sample at Site 3 failed dramatically while the laboratory compacted samples 
did not. It is not clear why this happened. 
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Table 6 shows a comparison of the average adlfference in actual rut depths (R.D.) and percent rut 
depths (%) between the laboratory compacted samples and the field compacted samples. The 
actual rut depths generated by the 50-mm thick French compacted samples averaged 1.03 mm 
more than those of the field compacted samples. The actual rut depth generated by the 100-mm 
thick French compacted samples averaged 1.69 mm more than those of the field compacted 
samples. The actual rut depth generated by the 100-mm thick linear kneading compacted 
samples averaged 1.47 mm more than the field compacted samples. These average differences 


are minimal and very similar. 


Table 6. Differences in Rutting Depths Between Field and Lab Compacted Samples. 


Compactor (Sample Thickness) 
French (50-mm) French (100-mm) Kneading (100-mm) 
vs. Field Slab vs. Field Slab vs. Fleld Slab 


Pa oe tae ae ee 
aa | 195 | 203 | 109 | 3.00 | 0.468 | 
[2000 [1825 | ores [1500 | 3170 

[ase [ooo [ser [ozs [ae 


~osr [ize [ore | 160 | ore 20 
, 


R.D. - Rut depth in millimeters 

%  - Percent rutting based on initial sample thickness 

*  - Not included in the averages or standard deviations 

Negative numbers indicate a rut measurement was higher in the second sample of the 
comparison. 


Table 6 shows that the rut depth expressed as a percentage of the sample thickness for the 50- 
mm thick French compacted samples averaged 2.20 percent more than those from the fteld 
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compacted samples. The percent rut depth from the 100-mm thick compacted samples average 
1.5 percent less than ‘nose from the field compacted samples. The larger differences from the 
100-mm thick samples would again be attributed to them being double the original thickness of 
the 50-mm thick field compacted samples. 


There is very little difference in the actual rut depths from the 50-mm of 100-mm thick samples; 
however, the percent rut depths in the 50-mm thick samples are different from those of the 100- 
mm thick samples. Instead of using the percent rut depth, it is recommended to use the actual 
rut depth for the acceptance criteria. 
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4.3 Hamburg Wheel-Tracking Device 


The Hamburg wheel-tracking device is used to determine the moisture susceptibility of HMA. The 
purpose of this study was to compare the results obtained from laboratory compacted samples 
to those resulis obtained from field compacted samples. 


Loose mix was taken at the paver from each site. It was stored in closed containers in the 
laboratory unti! compaction time. 


Before the loose mix could be compacted, it needed to be brought to the proper compaction 
temperature. This compaction temperature varied with the grade of asphalt cement being used 
at each site. The loose mix was placed in the oven in open containers for about 4 hours. The 
use of open containers caused additional aging. 


The loose mix was then ready to be compacted in the laboratory. For each site, two 50-mm thick 
samples were compacted on the French compactor. These samples were then cut to the proper 
length fo fit in the Hamburg wheel-tracking device molds. Two, 40-mm thick samples were 
compacted on the linear kneading compactor for each site. The air voids for samples tested in 
the Hamburg wheel-tracking device are summarized in Appendix B. 


For the field compacted samples, two full-depth slabs were sawn at each site. These field 
compacted samples were approximately 250-mm (10-in.) square. The material to be tested from 
these field compacted samples was limited to the lift being placed when the loose mix was taken 
in the field. All other lifts were sawn from the samples and discarded. 


An earlier CDOT study (Reference 3) showed that aging affects the results. The difference 
between field and laboratory aging might affect the comparison of test results from field and 
laboratory compacted samples. Because of this, additional samples from each site were placed 
in the oven in closed containers. This minimized the additional aging of the samples. Two 40- 
mm thick samples from these closed containers were compacted on the linear kneading 
compactor for each site. 
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Each pair of slabs was placed in the Hamburg wheel-tracking device and loaded for 20,000 
passes of the wheel or until 20 mm of deformation occurred. Plots of the test results are shown 
in Appendix D. For this study, the stripping inflection points were compared. The resulting 
stripping inflection points for each pair of samples is shown in Table 7. 


Table 7. Stripping Inflection Points (Number of Passes). 


Compactor (Sample Thickness) 


Kneading Kneading (40-mm) 
(40-mm) _ Closed Container 
Aging 


| e900 | 1000 | 500 
| 9500 | 4300 | >10,000_ 
210,000 | 10,000 | 3200 | >10.000 


In an earlier CDOT study (Reference 4), it was found that any sample with a stripping inflection 
poirt greater than 10,000 passes performed well in the field. For this reason, the maximum 


stripping inflection points recorded In Table 7 was 10,000 passes. 


4.3.1 Comparison of Laboratory Compactors. 

As can be seen in Table 7, the stripping inflection points were similar for both the 50-mm thick 
French compacted samples and the 40-mm thick linear kneading compacted samples. There 
were no stripping inflection points for samples compacted by either method for Sites 3, 5, 6, and 
7. For Sites 1,2, and 4, the stripping inflection points from the samples compacted in the linear 
kneading compactor were slightly higher than those compacted in the French compactor. 
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Table 8. Differences In Stripping Inflection Points. 


Compactor (Sample Thickness) 


French (50-mm) vs. | French (50-mm) vs. Kneading (40-mm) 
Kneading (40-mm) Field Slab vs. Field Slab 


Negative numbers indicate a stripping inflection point was higher in the second sample 
of the comparison. 


Table 8 shows the differences in stripping inflection points between the various samples, the 
average difference, and the standard deviations. For example, the stripping inflection point for 
the 50-mm thick French compacted samples from Site 1 (4600 passes) was 2300 passes less 
than that of the 40-mm thick linear kneading compacted samples (6900 passes). The stripping 
inflection point for the 50-mm thick French compacted samples from Site 4 (6900 passes) was 
2600 passes less than that of the 40-mm thick linear kneading compacted samples (9500 
passes). 


Overall, the stripping inflection points for the 50-mm thick French compacted samples averaged 
approximately 1000 passes less than those of the 40-mm thick linear kneading compacted 
samples. This indicated that there is little influence in the stripping inflection points obtained from 


samples compacted in ihe laboratory by either method. 


As discussed in section 4.1, the air void distribution of the 50-mm thick French compacted 
samples was more uniform than that of the 40-mm thick linear kneading compacted sample. This 
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would seem to indicate that the results obtained from the 50-mm thick French compacted samples 
would differ from those obtained from the 40-mm thick linear kneading compacted samples. The 
similarity in the stripping inflection points between the two types of laboratory compacted samples 
shows that this difference in air vold distribution between the two compactors is not sufficient to 
affect the results. Either method of compaction would produce comparable results. 


4.3.2 Comparison of Laboratory Compactors to Fleld Compaction. 

Table 7 shows that all field compacted samples did strip and had lower stripping inflection points 
than any of the laboratory compacted samples. This was likely caused by the laboratory 
compacted samples having undergone additional aging. 


As seen in Table 8, the stripping inflection points for the 50-mm thick French compacted samples 
averaged 3471 passes more than those obtained from the field compacted samples. The 
Stripping inflection point for the 40-mm thick linear kneading compacted samples averaged 4443 
passes (from Table 8) more than those obtained from the field compacted samples. The similarity 
in these values would once again Indicate that both laboratory methods of compaction produce 


similar results. 


4.3.3 Influence of Short-Term Aging 

Those laboratory compacted samples brought to compaction temperature in open containers 
received additional aging. This additional aging might have caused the samples to perform better 
than those aged in closed containers. For this reason, additional 40-mm thick samples from each 
sight were brought to compaction temperature in closed containers to minimize additional aging. 
Table 9 shows the difference In stripping inflection points, the average difference, and the 
standard deviations when comparing the 40-mm thick linear kneading compacted samples (for 
both the samples with additional aging and without additional aging) to the field compacted 


samples. 


As can de seen in Table 9, the stripping inflection point for the 40-mm thick linear kneading 
compacted samples with closed container aging averaged 3843 more than the field compacted 
samples. The stripping inflection point for the 40-mm thick linear kneading compacted samples 
with open container aging averaged 4443 passes more than the field compacted samples. The 
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stripping inflection points for the samples with closed container aging were very close to those 
obtained from the samples with open container aging. Either method of heating the samples to 
compaction temperature could be used. However, for consistency of results, it is recommended 
to heat all field samples to compaction temperature in closed containers. 


Table 9. Differences In Stripping Inflection Polnts Between the Kneading Compacted 
Samples (Both with Additional Aging and with No Additional Aging) and Field Compacted 


Samples. 


’ Compactor (Sample Thickness) 


Kneading (40-mm) with Kneading (40-mm) with 
Open Container Aging Closed Container Aging 
vs. Field Slab vs. Field Slab 


It is extremely interesting that laboratory compacted samples perform better than field compacted 
samples. This should be investigated further. A first hypothesis is that the laboratory compacted 
samples perform better because of the additional 4 hours of heating (aging) to bring the loose mix 
to compaction temperature. A second hypothesis is that the laboratory compacted samples are 
compacted at a much higher temperature (150°C or 300°F) than the field compacted samples 
(93°C or 200°F). 
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5.0 Time for Field Compaction 


A detailed roller pass study was performed that included temperature measurements is shown 
in Appendix A. lt was decided to compare the actual time ‘t took the mat to cool in the field to 
the time predicted in the literature. 


One of the most important phases of constructing a quality HMA pavement is the field compaction 
phase. Steel wheel rollers and/or rubber tire rollers are used to reach a percent relative 
compaction based on the maximum specific gravity (AASHTO T 209). While reaching a specified 
percent relative compaction is important, It is also important that the pavement Is sufficiently hot 
while compacting. If the pavement is at too low of a temperature, no further compaction will occur 
and stresses will be placed in the pavement which could potentially cause 1) micro-cracking, 2) 
broken aggregate, and/or 3) interconnected air voids. For this reason, a minimum compaction 
temperature is usually specified. There are many opinions on what this minimum temperature 
should be. The CDOT currently specifies that the percent relative compaction will be reached 
before the mat surface temperature cools to 85°C (185°F). 


It would be beneficial to be able to predict the amount of time it takes a mat to cool to this 
minimum temperature. This would allow the contractor to know how much equipment Is needed 
at the site to be able to reach the specifled percent relative compaction before the mat cools. 


In the Hot Mix Asphalt Paving Handbook (5), an article by Dickson (6) is referenced. Reference 
6 provides several graphs that can be used to predict the time for a mat to cool. These graphs 
are based on factors that can affect the rate of cooling. The factors include ambient air 
temperature, base surface temperature, laydown temperature, mat thickness, wind speed and 
solar flux. The purpose of this study is to compare the time it takes the mat to cool in the field 
to the times provided by these graphs. 


There are a few problems with using the graphs. Accurately estimating the wind speed and solar 


flux in the field is difficult. Also, there are an infinite number of combinations of all the factors 
which affect the rate of cooling. For this reason, the report (6) only provided a few graphs of 
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some common combinations. The problem is that the actual site conditions seldom matched the 
conditions that the graphs were based on. Also, the report did not remark on how much weight 
should be given to each factor. This would allow estimating how factors different from the ones 
that the graphs were based on would change the results obtained from the graphs. 


For this study, a surface and an internal (at approximately the center) temperature of the mat in 
the field were taken with every pass of the roller. The time was recorded when the pavement was 
initially laid and each time a temperature was measured. From this, the actual time for the mat 
to cool to a target minimum temperature was obtained. Also, all field conditions that the graphs 
were based on were recorded. Then these conditions were used along with the graphs to predict 
a time to cool. 


As mentioned earlier, the field conditions were seldom the same as those conditions provided in 
the graphs. For this reason, graphs with conditions similar but not exact to those conditions of 
the field were used. In some cases, two graphs were used to get a range of time that the field 
conditions fell between. 


Table 10 shows the actual times for cooling measured in the field and the predicted times for 
cooiing obtained from the graphs. lt should be noted that the target minimum temperature for the 
graphs represented an average temperature throughout the thickness of the mat. There was no 
mention of where a temperature could be taken in the field to represent this. For this reason, a 
surface and an internal temperature of the mat were recorded for this study. Later, it was found 
that Reference 7 stated that a temperature reading of 85°C (185°F) taken 6 mm to 12 mm below 
the surface of the mat would represent an average mat temperature of 79°C (175°F). 


As can be seen in Table 10, the actual field time of cooling in each case was greater than that 
predicted by the graphs. In most cases it was much greater than that predicted. This is partly 
due to the differing conditions between the field and the graphs. As mentioned, these times could 
be compared more accurately (see Appendix A for actual differences in conditions and possible 
effects of the differences). For this reason, it is assumed that the graphs may underestimate the 


actual time available for field compaction. 
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Table 10. Actual and Predicted Times Available to Achieve Field Compaction. 


Amount of Time for Mat to Cool to 


Minimum Compaction Temperature 


Actual Time Actual Time Predicted Time 
(Mat Surface) (Center of Mat 


N/A - not available. 
*  - 32-mm thick overlay. 
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6.0 Conclusions and Recommendations 


1) The air void distributions in the field compacted samples were more uniform than those 
obtained in the laboratory compacted samples. Generally, the results from the tests were not 
influenced by the differences in distribution of air voids. 


2) When using the actual rut depth measured in the French rutting tester, there was very little 
difference in test results from samples compacted in the various laboratory compactors and field 
compacted samples. When the percent rutting was measured, the 50-mm thick samples had 
twice as much percent rutting as the 100-mm thick samples. It is recommended that the actual 
rut depth be used. 


3) When using the Hamburg wheel-tracking device, there was little difference in the stripping 
inflection point when different laboratory compactors were used. However, field compacted 
samples typically had much lower siripping inflection points than the laboratory compacted 
samples. This may be because of either 1) differences in the short-term aging created when the 
loose field samples are heated to compaction temperature in the laboratory, or 2) the higher 
compaction temperatures used in the laboratory than in the field. 


4) The methods for predicting the available time to achieve field compaction may underestimate 
the actual time available. The location the temperature is measured can influence the actual time 
that is believed to be available. Therefore, when specifying the minimum temperatures to achieve 
fiel¢ compaction, the location the temperature is measured should also be specified. 


33 


7.0 Future Research 


It ls extremely interesting that laboratory compacted samples perform better than field compacted 
samples in the Hamburg wheel-tracking device. This should be investigated further. A first 
hypothesis is that the laboratory compacted samples perform better because of the additional 4 
hours of heating (aging) to bring the loose mix to compaction temperature. A second hypothesis 
is that the laboratory compacted samples are compacted at a much higher temperature (150°C 
or 300°F) than the field compacted samples (93°C or 200°F). Cores from these sites could be 
taken when they are one year old to help understand these differences. 
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Appendix A 


Detailed Roller Pass Studies from Each Site 


> . “Appendix: ye eg . 
Detailed Roller Pass. ‘Studies from Each ‘Site 

Roller Pass study, ‘Tables 
Note: NP in Number. oe Passes eoliimn’ indicates. that no pass was made by 
a roller at that time, but a mat temperature reading was taken to help 
monitor loss of heat. -A -Vib. suffix behind the roller type in the 


Roller column indicates the steel wheel roller was vibrating. 


Site 1 - Fraser 


STATS | CAT PS- 130 
||_wvenc c7eea_|| stot 


15 C 


_} .32.2 Kph 
{sunny _| 
50-mm 


Our laydown temperature: (127: cy: falls between: the graphs’ 121 C and 135 
C. With all other conditions being sinilar, ‘the’ time for cooling given 
by the graphs. -in- this case -would.be- somewhere: between 5 and 8 minutes. 
The actual time of 50 minutes: ‘shows: the graph being very conservative 
for this site. . . 


Note: No surface temperatures | were ‘taken: at. ‘site 1 because heat spy gun 
was not evaitabie: eae 
oe A-3 


Roller. Pass Study Tables 


Site 2 - 120th Street in Broomfield 


Note: No internal _temperatires ‘were taken” at site 2 because the 
thermometer maT Funeroned: te thee oe 


‘Ambient aie 4 Cemparature Le 


Wind Speed —— 2 = ais — es xn 

Weather Conditions a oS a Night rime 

Mat Thickness oo _ ee | ae 
‘| isac 


= a to Sood ie Cy a = 


‘zine. oe Mat to. ool “te 40 c_ = | Les. iy | 18 min. 


For this site, che. deaphe: show ‘the: mat Sing to 79 C in 18 to 20 
minutes. Our actual time. to” cool: to-this temperature was 36 minutes. 
The wind speed at this site’ was less. than half of the wind speed the 
graphs were based on. This. ‘would slow the rate of field cooling. Also, 
this was a night job.. The. lack of solar. flux would decrease the rate 
of field cooling. When these differing conditions are taken into 
account, the graph might be close to the actual time. 


Roller Pass Study Tables 


__Site 3 - Navaho Street in 


-Hyster C766A° 


“Perg. FP912 ||-3 


Inger. DA4O 4 


Note: No internal temperatures. were taken for passes 3.5 through 5.5 at 
site 3 so that damage to the thermometer PECL ‘could be prevented when 
roller passed over. area. . ¥ 


A-6G 


For this.site,: the graph shows-the mat cooling to 79 C in 16 to 20 
minutes. Our actual time to cool to this temperature was 30 minutes. 
The wind speed at this site was less than half of the wind speed that 
the graph was based .on. This would slow the rate of field cooling. 
When this differing conditié6n is taken into account, the graph might be 
close to the actual time. 


__Site 4 - Boulder Canyon 


__ 4 BES: % it SUPs | a ae 
 4| pywapac cc42 || steel wheel 
Rubber Tire || _. 10: 


_Steel-wheet || -.. 8165 


le 1 156 ¢c 
| 40 min. 


y be One bo 65 ¢ 


[Time for Mat te Goel be 62 ¢ 


For this site; the - peal sshowe®: Ponte mat: podling ' to: 79 C in 8 to 9 
minutes. Our actual time 0°. cool. to. this temperature was 10 minutes. 
The wind speed at this. site was. much tawer : than the graphs’ wind speed. 
This would slow the -rate of... field. cooling. Also, the ambient air 
temperature at: this. site -was- higher: shan. ‘that. used in the graphs. -This 
would slow the rate of” field. cooling. ~~ Our’ laydown temperature was 
higher than the graphs’. | This: would allow more time for compaction. 
When these differing conditions: are. ‘taken into account, the graph might 
be close to the actual time... 


A-3 


Roller Pass. Study Tables. 


d Park - 


Site 5 '+.Wéodlan 


CAT CD534 
Inger. PT125R || Rubber Tire |]. 


steel wheei |} 72 


For this site, the graph shaws the mat Cooling to 79 C in 9 minutes. 
Our actual time to cool to: this temperature was 53 minutes. The wind 
speed at this site was much lower than. the: graphs’ wind speed. This 
would slow the rate of field cooting; .Also, the ambient air temperature 
at this site was higher than that used.in-the.graph. This would also 
slow the rate of field cooling. Our laydown. temperature was higher than 
_the graphs’. This would increase ‘the time available for .compaction. 
When these differing conditions are taken into account, the graph might 
be conservative at this’ site. 2.0 9 bets. 
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Site 6 - Muddy Pass” - 
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7257 


For this site, the graph shows the mat cooling to 79 C in 20 minutes. 
Our actual time to cool to this: temperature was 70 minutes. The wind 
speed at this site was much lower ‘than the graph’s wind speed. This 
would slow the rate of field cooling. Our laydown temperature was much 
higher than the graph’s. This would increase’ the time available for 
compaction. When these differing. conditions are taken into account, the 
graph might be eee: conservative at this site. 
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Roller Pass Study Tables’ 


o. Site 7 5.8H287 in Broomfield 


|i steet whee1 |] - 


.Rubber Tire 
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‘Time dor Mat t Geol to 79 G6  __ 


For this site, the graph. shows :the mat cooling to 79 C in 20 minutes. 
Our actual time to cool to: this temperature: was 40 minutes. The wind 
speed at this site was much :-lower than the: graphs’ wind speed. This 
would slow the rate of. field. cooling. Our. laydown temperature was much 
higher than the graph’s.. This would increase the time available for 
compaction. Also, our base.and ambient air temperature are much higher 
than those of the graph. . This would increase the time available for 
compaction. When these differing conditions are taken into account, the 
graph might be slightly conservative at this site. 
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Air Voids of Compacted Samples 
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French Rutter % Air Voids Table 
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French Rutting Tester Results 
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SITE 5, 100-mm Thick Linear Kneading 
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Hamburg Wheel-Tracking Results 
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